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[57] ABSTRACT 

A lens control device which uses a zoom lens in which the 
state of marginal light quantity varies according to each 
focal length is arranged to compensate for a variation in 
marginal light quantity during zooming by detecting the 
focal length and controlling a maximum aperture diameter 
of an iris. 

15 Claims, 13 Drawing Sheets 
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LENS CONTROL DEVICE 

BACKGROU>fD OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a lens control device 
suitable for use in an image pickup apparatus such as a video 
camera. 

2. Description of Related Art 

Conventionally, an image pickup apparatus such as a 
video camera has an image sensor using a solid-state image 
pickup clement such as a CCD, in its image forming plane. 
In general, the larger the number of pixels per image pickup 
element such as a CCD, the larger the size of the image 
pickup element and hence the higher the cost of the same. 

In terms of these considerations, numerous image pickup 
apparatuses for general domestic use employ a so-called 
Vi-inch size CCD which is approximately 4 mm in diagonal 
length or a so-called V3-inch size CCD which is approxi- 
mately 6 ram in diagonal length. These CCDs generally have 
300,000 to 400,000 pixels. 

Since the image size of such image pickup apparatus is 
small compared to 43 mm which is the diagonal length of the 
image size of a silver-halide camera using a so-called 135 
film, it is possible to greatly reduce the size of a lens for the 
image pickup apparatus compared to the lens of the silver- 
halide camera if both lenses have the same angle of view. 

In practice, video cameras using Vi-inch size CCDs are 
generally provided v^dth zoom lenses having a zoom ratio of 
10 and an overall length of approximately 50 mm. 

A best known type of zoom lens for such a video camera 
includes four lens groups which are arranged in the order of 
positive refractive power, negative refractive power, positive 
refractive power and positive refractive power as viewed 
from a subject side. Incidentally, zoom lenses of various 
other types using different lens-group arrangements have 
been put into practice to meet various specifications. 

First of all, for example, the structure of the lens barrel of 
a representative zoom lens which includes four lens groups 
will be described below. Four lens groups constituting a 
zoom lens include a fixed front lens, a variator lens group 
which moves along an optical axis to effect a magnification 
varying- operation, a fixed afocal lens, and a focusing lens 
group which moves along the optical axis to effect a focus- 
ing operation and maintain the position of a focal plane 
during a magnification varying operation. 

FIG. 15 is a block diagram showing the electrical con- 
struction of the camera body of a conventional image pickup 
apparatus. In FIG. 15, a zoom lens includes four lens groups 
201fl to 201c/. The lens group 201a constitutes a fixed front 
lens, the lens group 2 01 A constitutes a variator lens group (or 
variator) which varies magnification, the lens group 201c 
constitutes a fixed afocal lens, and the lens group 201d 
constitutes a focusing lens group which effects focusing and 
also plays the role of a compensator for maintaining an 
image of a subject located at the same distance, in an 
in-focus state in an image forming plane during a magnifi- 
cation varying operation accompanied by the movement of 
the variator lens group 201£). 

A solid-state image pickup element 221 such as a CCD is 
disposed in the image forming plane. A drive source 222 for 
the variator lens group 2016 includes the motor 206, the gear 
train 207 interlocked with the motor 206, the screw rod 208 
and the like. A drive source 223 for the focusing lens group 
20ld is composed of a stepping motor 212 or the like. 
Incidentally, the zoom driving source 222 may also be 
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composed of a stepping motor similarly to the drive source 
223 for the focusing lens group 20U 

Reference numeral 224 denotes an iris driving source, 
reference numeral 225 denotes a zoom encoder, and refer- 

5 ence numeral 227 denotes a focus encoder. If stepping 
motors are used as the respective drive sources 222 and 223, 
each of the zoom encoder 225 and the focus encoder 227 is 
generally arranged to continuously count the number of 
operation pulses which are inputted to the corresponding one 

10 of the stepping motors after the corresponding lens group 
201fe or 201^^ starts to move from its origin position to which 
the lens group 20lb or 201<i is previously moved at an initial 
preparatory stage of operation by means of a sensor (not 
shown). Another method using a potentiometer, a magnetic 

15 system or the like is also known. 

An iris encoder 226 is, for example, of a known type 
which detects the relation in rotational position between a 
rotor and a stator by means of a Hall element disposed in a 
meter which constitutes the iris driving source 224. 

A camera signal processing circuit 228 applies predeter- 
mined processing such as amphfication and gamma correc- 
tion to the output of the CCD 221, The contrast signal of a 
video signal subjected to such predetermined processing 

^ passes through an AE gate 229 and an AF gate 230. 
Specifically, areas from which to extract signals best suited 
to exposure decision and distance measurement are set 
wdthin the entire picture by the respective gates 229 and 230. 
Each of the gates 229 and 230 may be variable in the size of 
the area from which to extract the corresponding signal, or 
a plurality of gates may be disposed to constitute cither of 
the gates 229 and 230, but the detailed description of such 
a gate is herein omitted for the sake of simplicity. 

An AF (autofocus) signal processing circuit 231 generates 
one or a plurality of outputs relative to a high-frequency 
component of the video signal. Reference numeral 233 
denotes a zoom switch, and reference numeral 234 denotes 
a zoom tracking memory. The zoom tracking memory 234 
stores position information indicative of positions to be 

^ taken by the focusing lens group 20ld according to different 
subject distances during a magnification varying operation. 
Incidentally, a memory incorporated in a CPU 232 may be 
used as the zoom tracking memory 234. 

For example, if a photographer manipulates the zoom 

45 switch 233, the CPU 232 calculates a predetermined posi- 
tional relation on the basis of the information stored in the 
zoom tracking memory 234, and drives and controls the 
zoom driving source 222 and the focusing driving source 
223 so that the deviation of the output of the zoom encoder 

5Q 225 from a target position to be taken by the variator lens 
group 201b and the deviation of the output of the focus 
encoder 227 from a target position to be taken by the 
focusing lens group 201d are made values of 0, respectively, 
so as to retain the predetermined positional relation. 

55 In an autofocus operation, the CPU 232 drives and 
controls the focusing driving source 223 so that the output 
of the AF signal processing circuit 231 shows a peak. 

Furthermore, to obtain a correct exposure, the CPU 232 
drives and controls the iris driving source 224 so that the 

60 deviation of an average value of Y-signal outputs passing 
through the AE gate 229 from a predetermined value is made 
a value of 0 so that the average value of Y-signal outputs 
passing through the AE gate 229 becomes equal to the 
predetermined value. 

65 FIG. 16 is a graph showing the field illumination ratio of 
the zoom lens. In FIG. 16, the horizontal axis represents 
image height, and the position of a value of 0 indicates the 
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Optical axis of the zoom lens (a position corresponding to an 
image height of 0). The vertical axis represents field illu- 
mination ratio, and the field illumination ratio on the optical 
axis is 100. 

Curves 238, 239 and 240 represent specific characteristic 
examples, and any of the specific characteristic examples 
shows that the illumination in general becomes lower toward 
the margin of the picture (as the image height becomes 
higher). For zoom lenses, it Ls desirable that such illumina- 
tion characteristic be approximately constant for any focal 
length. 

However, if the iris of a zoom lens having a large zoom 
ratio is fully open, the illumination characteristic is difficult 
to keep constant and may vary according to the focal length 
of the zoom lens, for example, as shown by the characteristic 

238 relative to a shortest focal length end, the characteristic 

239 relative to a middle focal length and the characteristic 

240 relative to a longest focal length end. Furthermore, the 
illumination characteristic varies according to the aperture 
value of the iris (the amount of variation is largest when the 
iris is fully open). 

A zooming operation is performed in accordance with the 
manipulation of the zoom switch 233, and many image 
pickup apparatuses are arranged to perform zooming opera- 
tion at variable speeds. It is well known that an image pickup 
apparatus using, for example, a seesaw switch as a zoom 
switch is arranged to detect the amount of depression of the 
seesaw switch by means of a sensor and execute zooming at 
a lower speed in response to a smaller amount of depression 
or at a higher speed in response to a larger amount of 
depression. 

Some of the cameras of the above -described type as well 
as known still cameras have a so-called "mode select" 
function capable of variably combining shutter speeds and 
aperture values during photography. A photographer using 
such a camera may specify the desired photographic inten- 
tion in accordance with the instruction of a pictorial icon so 
that, for example, an image shake can be prevented as 
completely as possible by using a high shutter speed during 
sports photography or a depth of field can be made as 
shallow as possible to defocus a background during portrait 
photography. 

Another method called "aperture-priority AE" is known. 
In this method, a photographer manually sets an aperture 
value, and a shutter speed which can realize a correct 
exposure with the aperture value is automatically selected. If 
the aperture of an iris is generally reduced, a background or 
a foreground, particularly, bright spots arc each dcfocused in 
a shape which reflects a polygon defined by the number of 
blades, such as a square, a hexagon or an octagon, whereas 
if the aperture of the iris is fully open, the bright spots arc 
each defocused in a circular shape. Accordingly, if the 
photographer has a photographic intention to create such 
circular dcfocused spot images, the photographer needs only 
to set the aperture to a fiilly open aperture value in an 
aperture -priority AE mode. 

However, the above -described type of image pickup appa- 
ratus has the following problems which have been desired to 
be improved. Specifically, with the recent improvement in 
the operating speeds of stepping motors or owing to the 
adoption of a lens group driving source which uses an 
electromagnetic type of actuator, called a linear motor, 
which can efifect high-speed driving of a so-called voice coil 
type, the maximum zoom speed of the image pickup appa- 
ratus has been enhanced, and the time required to drive a 
variator lens group from a shortest (longest) focal length end 
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to a longest (shortest) focal length end has been greatly 
reduced. As a result, if the field illumination ratio varies as 
shown in FIG. 16, particularly when high-speed zooming is 
executed with an aperture value which causes a large varia- 
5 tion in the field illumination ratio, a variation in the bright- 
ness of a marginal portion of a picture becomes conspicuous, 
so that visual unnaturalness occurs. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a lens 
control method and device both of which can avoid the 
problem that a variation in the brightness of a marginal 
portion of a picture becomes conspicuous and visual unnatu- 
ralness occurs, even when high-speed zooming is executed 
with an aperture value which causes a large variation in field 
illumination ratio. 

To achieve the above object, according to a preferred 
embodiment of the present invention, there is provided a 
20 lens control device which is arranged to execute zooming by 
moving a lens in the direction of an optical axis thereof and 
comprises speed setting means for setting a moving speed of 
the lens, and maximum aperture diameter varying means for 
varying a maximum aperture diameter of an iris which is 
25 determined for each focal length, according to the moving 
speed set by the speed setting means. 

Another object of the present invention is to provide a lens 
control device capable of effecting good zooming at any 
time irrespective of the kind of photographing mode or the 
30 state of a subject. 

Another object of the present invention is to provide a lens 
control device capable of effecting good zooming which 
docs not visually impair an image, at all times irrespective 
of the kind of lens unit, even in the case of an interchange- 
's able lens system which includes a plurality of interchange- 
able lens units having respective different characteristics. 

The above and other objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing detailed description of preferred embodiments of the 
^ present invention, taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

45 

FIG. 1 is a graph showing the characteristics of a maxi- 
mum iris aperture diameter with respect to focal lengths; 

FIG. 2 is a graph showing the characteristics of a marginal 
light quantity ratio which appears in an edge portion of a 
50 picture with respect to focal lengths; 

FIGS. 3A and 3B are cross-sectional views showing the 
structure of the lens barrel of a zoom lens which includes 
four lens groups according to a first embodiment of the 
present invention; 

FIG. 4 is a block diagram showing the electrical construc- 
tion of a camera body according to the first embodiment of 
the present invention; 

FIG. 5 is a flowchart showing a zoom control processing 
procedure according to the first embodiment of the present 
invention; 

FIG. 6 is a block diagram showing the electrical construc- 
tion of an image pickup apparatus according to a second 
embodiment of the present invention; 
65 FIG. 7 is a flowchart showing a zoom control processing 
procedure according to the second embodiment of the 
present invention; 
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FIG. 8 is a flowchart showing a zoom control processing 
procedure according to a third embodiment of the present 
invention; 

FIG. 9 is a table showing the set values of oormal speed 
and those of countermeasure speed; 5 

FIG. 10 is a block diagram showing the electrical con- 
struction of an image pickup apparatus according to a fifth 
embodiment of the present invention, which apparatus has a 
camera body to which a lens is interchangeably secured; 

FIG. 11 is a view showing a picture photographed by an 
image pickup apparatus according to a sixth embodiment of 
the present invention; 

FIG. 12 is a flowchart showing a zoom control processing 
procedure in which a plurality of countermeasures are ^5 
combined; 

FIG. 13 is a graph showing the relation between the 
moving speed of a variator lens group and focal lengths 
according to a seventh embodiment of the present invention; 

FIG. 14 is a graph showing the relation between maxi- 20 
mum iris aperture diameter and focal length; 

FIG. 15 is a block diagram showing the electrical con- 
struction of the camera body of a conventional image pickup 
apparatus; and 

FIG. 16 is a graph showing the field illumination ratio of 
a zoom lens. 

DETAILED DESCRIPTION OF THE 
INVENTION 

30 

Preferred embodiments of the present invention will be 
described below in detail with reference to the accompany- 
ing drawings. 

Embodiments of a lens control device and a lens control 
method according to the present invention will be described 
below. There are two major countermeasures to be taken 
against a variation in marginal light quantity which occurs 
during high-speed zooming, particularly when an iris is fully 
open. One countermeasure is to slow down zooming speed 
so that such phenomenon becomes inconspicuous. Third, ^ 
fourth and seventh embodiments which will be described 
later are based on this concept. 

The other countermeasure, which is based on the fact that 
a variation in marginal light quantity is reduced when the 
aperture of an iris is reduced, is to make a settable maximum 
iris aperture diameter variable according to different focal 
lengths. First, second, fifth, sixth and eighth embodiments 
which will be described later are based on this concept. 

[First Embodiment] 5q 

First of all, the latter countermeasure, i.e., variable control 
which varies the maximum iris aperture diameter according 
to different focal lengths will be described below. FIG. 1 is 
a graph showing characteristics of the maximum iris aper- 
ture diameter with respect to different focal lengths. In FIG. 55 
1, the horizontal axis represents focal length, and the vertical 
axis represents maximum iris aperture diameter. A solid line 
246 represents a characteristic obtainable when the maxi- 
mum iris aperture diameter is not subjected to variable 
control according to different focal lengths, while a dot- 50 
dashed line 247 represents a characteristic obtainable when 
the maximum iris aperture diameter is subjected to variable 
control according to different focal lengths. 

FIG. 2 is a graph showing the characteristics of a marginal 
light quality ratio which appears in the edge portion of a 65 
picture with respect to different focal lengths. In FIG. 2, the 
horizontal axis represents focal length similarly to FIG. 1, 
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and the vertical axis represents the evaluation of marginal 
light quantity, i.e., the ratio of marginal light quantity to 
central light quantity (i.e., the marginal light quantity ratio) 
at the position of an image height which corresponds to the 
edge portion of a picture (for example, an image height of 
2 mm in an image pickup apparatus using an Vi-inch CCD). 
If the maximum iris aperture diameter is not subjected to 
variable control according to focal lengths as shown by the 
solid line 246 in FIG. 1, a large variation occurs in marginal 
light quantity, as shown by a soUd line 245 in FIG. 2. 

Specifically, in the example shown by the solid line 245, 
almost no variation in marginal light quantity almost occurs 
between W (shortest focal length end) and a focal length Ml. 
The marginal light quantity moderately varies between the 
focal length Ml and a focal length M2, and between the 
focal length M2 and a focal length M3, the direction of 
variation changes and the marginal light quantity varies 
somewhat sharply. Then, the direction of variation again 
changes between the focal length M3 and T (longer focal 
length end). 

In contrast, if the maximum iris aperture diameter is 
subjected to variable control according to focal lengths as 
shown by the dot-dashed line 247 in FIG. 1, the variation 
between the focal lengths M2 and T can be eliminated as 
shown by the dot-dashed line 244 in FIG. 2, whereby the 
marginal light quantity ratio in the edge portion can be made 
uniform over the entire focal length range. 

The structure of the lens barrel of a zoom lens of an image 
pickup apparatus according to the first embodiment of the 
present invention will be described below. 

FIGS. 3A and 3B are cross-sectional views showing the 
structure of the lens barrel of the zoom lens which includes 
four lens groups according to the first embodiment. FIG. 3 A 
shows a vertical sectional, while FIG. 3B shows a cross- 
section taken along line A — A of FIG. 3A. In the structure 
shown in FIGS. 3A and 3B, four lens groups 201a to 20Xd 
constitute a photographing zoom lens, and the lens group 
201 fl constitutes a fixed firont lens, the lens group 2016 
constitutes a variator lens group which moves along an 
optical axis 205 to effect a magnification varying operation, 
the lens group 201c constitutes a fixed afocal lens, and the 
lens group 201d constitutes a focusing lens group which 
moves along the optical axis 205 to effect a focusing 
operation and maintain the position of a focal plane during 
a magnification varying operation. 

Guide bars 203 and 204£i, 204b are disposed in parallel 
with the optical axis 205 to guide the respective lens groups 
201b and 201d while preventing their rotations during their 
movements. A DC motor 206 serves as a drive source for 
moving the variator lens group 201 i?. The DC motor 206 
may also be replaced with a stepping motor. 

The variator lens group 201b is held by a holding frame 
211. This holding frame 211 has a pressure spring 209 and 
a ball 210 which is brought into engagement with a screw 
groove 208a fonned around a screw rod 208, by the force of 
the pressure spring 209. As the screw rod 208 is rotationally 
driven by the DC motor 206 via an output shaft 206a and a 
gear train 207, the holding frame 211 is moved along the 
guide bar 203 in the direction of the optical axis 205. 

A motor 212 is a stepping motor, and the focusing lens 
group 201d is held by a holding frame 214. A screw member 
213 is integrally secured to a sleeve portion of the holding 
frame 214, and the screw member 213 can move the holding 
frame 214 along the guide bars 204fl and 2046 in the 
direction of the optical axis 205 during the rotation of the 
stepping motor 212. 
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An IG meter 218 drives an iris unit 235, and the zoom lens a zoom tracking memory. The zoom tracking memory 234 

barrel is secured to a camera body 220. stores position information indicative of positions to be 

The electrical construction of the camera body 220 having taken by the focusing lens group 201^^ according to different 

the above-described lens barrel structure will be described subject distances during a magnification varying operation, 
below. FIG. 4 is a block diagram showing the electrical 5 Incidentally, a memory incorporated in a CPU 232 may be 

construction of the camera body 220. A block 248 which is used as the zoom tracking memory 234. 

newly added in the above-described construction shown in For example, if a photographer manipulates the zoom 

FIGS. 3 A and 3B is a table memory in which information switch 233, the CPU 232 calculates a predetermined posi- 

indicative of maximum iris aperture diameters according to tional relation on the basis of the information stored in the 
focal lengths is set in the form of a table. In FIG. 4, identical lO zoom tracking memory 234, and drives and controls the 

reference numerals are used to denote constituent elements zoom driving source 222 and the focusing driving source 

identical to the corresponding ones shown in FIGS. 3 A and 223 so that the deviation of the output of the zoom encoder 

3B. 225 from a target position to be taken by the variator lens 

The four lens groups 201a to 201c/ shown in FIG. 4 gro^P 20lb and the deviation of the output of the focus 

correspond to the respective ones 201^ to 201d shown in encoder 227 from a target position to be taken by the 

FIGS. 3A and 3B. The lens group 201^> constitutes a variator focusing lens group 20Xd are made values of 0, respectively, 

lens group (or variator) which varies magnification, and the so as to retain the predetermined positional relation, 

lens group 2Qld constitutes a focusing lens group which In an autofocus operation, the CPU 232 drives and 

effects focusing and also plays the role of a compensator for controls the focusing driving source so that the output of the 

maintaining an image of a subject located at the same AF signal processing circuit 231 shows a peak, 

distance, in an in-focus state in an image forming plane Furthermore, to obtain a correct exposure, the CPU 232 

during a magnification varying operation accompanied by drives and controls the iris driving source 224 so that the 

the movement of the variator lens group 201^?. deviation of an average value of Y-signal outputs passing 

A solid-state image pickup element 221 such as a CCD is through the AE gate 229 from a predetermined value is made 
disposed in the image forming plane. A drive source 222 for ^ a value of 0 so that the average value of Y-signal outputs 

the variator lens group 2016 includes the motor 20 6, the gear passing through the AE gate 229 becomes equal to the 

train 207 interlocked with the motor 206, the screw rod 208 predetermined value. 

and the like. A drive source 223 for the focusing lens group in the first embodiment, when the photographer perfonns 

201d is composed of a stepping motor 212 or the like. a zoom manipulation, a detection is made as to a zoom speed 

Incidentally, the zoom driving source 222 may also be determined by the zoom manipulation, and it is determined 

composed of a stepping motor similarly to the drive source whether the detected zoom speed is higher than a speed 

223 for the focusing lens group 201d. setting according to which a variation in marginal light 

Reference numeral 224 denotes an iris driving source, quantity becomes conspicuous. If the detected zoom speed 

reference numeral 225 denotes a zoom encoder, and refer- is higher than such speed setting, i.e., a variation in marginal 

ence numeral 227 denotes a focus encoder. If stepping light quantity is conspicuous, variable control which varies 

motors are used as the respective drive sources 222 and 223, the maximum iris aperture diameter according to focal 

each of the zoom encoder 225 and the focus encoder 227 is lengths is turned on. 

generally arranged to continuously count the number of piG. 5 is a flowchart showing a zoom control processing 
operationpulseswhich are inputted to the corresponding one ^ pix)cedure according to the first embodiment. This zoom 

of the stepping motors after the corresponding lens group control processing program is stored in a ROM included in 

2016 or 2Qld starts to move from its origin position to which the CPU 232, and is executed by the CPU 232. First, it is 

the lens group 2016 or 201i/ is previously moved at an initial determined whether a zoom manipulation is being per- 

preparatory stage of operation by means of a sensor (not formed (Step S250). Zoom speed information which is 

shown). Another method using a potentiometer, a magnetic determined by the amount of depression of the seesaw 

system or the like is also known. switch (zoom switch) 233 is read in (Step S251), and it is 

An iris encoder 226 is, for example, of a known type determined whether to turn on the variable control which 

which detects the relation in rotational position between a varies the maximum iris aperture diameter according to 

rotor and a stator by means of a Hall element disposed in a focal lengths, by using a method of comparing the read 
meter which constitutes the iris driving source 224. 5q zoom speed information with a threshold (Step S252). The 

A camera signal processing circuit 228 applies prcdeter- threshold to be compared with the read zoom speed infor- 

mined processing such as amplification and gamma correc- mation in Step S252 is determined on the basis of a zoom 

tion to the output of the CCD 221. The contrast signal of a speed according to which visual unnaturalness in which a 

video signal subjected to such predetermined processing variation in marginal light quantity is conspicuous is pro- 
passes through an AE gate 229 and an AF gate 230. 55 duced if a zoom manipulation is performed when a marginal 

Specifically, areas from which to extract signals best suited light quantity ratio appears in the edge portion of a picture 

to exposure decision and distance measurement are set with respect to different focal lengths, as shown by the solid 

within the entire picture by the respective gates 229 and 230. line 245 in FIG. 2. 

Each of the gates 229 and 230 may be variable in the size of Incidentally, instead of determining whether to turn on the 
the area from which to extract the corresponding signal, or eo variable control over the maximum iris aperture diameter in 

a plurality of gates may be disposed to constitute either of Step S252, control characteristics for different zoom speed 

the gates 229 and 230, but the detailed description of such settings, such as that shown by the dot-dashed line 247 in 

a gate is herein omitted for the sake of simplicity. FIG. 1, may be prepared in advance so that a predetermined 

An AF (autofocus) signal processing circuit 231 generates control characteristic can be read out according to each 
one or a plurality of outputs relative to a high-frequency 65 individual zoom speed setting. 

component of the video signal. Reference numeral 233 If it is determined in Step S252 that the variable control 

denotes a zoom switch, and reference numeral 234 denotes over the maximum iris aperture diameter does not need to be 



05/25/2004, EAST Version: 1.4.1 



6,070,016 

9 10 

turned on, the process returns to Step S250. If it is deter- FIG. 7 is a flowchart showing a zoom control processing 

mined in Step S252 that the variable control over the procedure according to the second embodiment. In FIG. 7, 

maximum iris aperture diameter needs to be turned on, a step numbers are used to denote steps identical to those of 

current focal length f is detected (Step S253), and a maxi- the first embodiment shown in FIG. 5, and the description of 
mum iris aperture diameter Af to be determined is read from 5 such steps is omitted for the sake of simplicity, 

the table stored in the table memory 248 (Step S254). First, the CPU 232 reads a selected mode frcm the mode 

Incidentally, the maximum iris aperture diameter Af may selecting switch 249 (Step S260). The CPU 232 determines 

also be calculated by an expression of Af=f(f) instead of whether to turn on the variable control over the maximum 

being read from the table. iris aperture diameter according to the read mode (Step 

Acuaent aperture diameter A is detected (Step S255), and S261). For example, if the read mode is the aperture-priority 

it is determined whether the current aperture diameter A is AE mode, the CPU 232 determines that the variable control 

smaller than the maximum iris aperture diameter Af (Step over the maximum iris aperture diameter needs to be turned 

S256). If the current aperture diameter A is equal to or off. The CPU 232 determines whether the variable control 

greater than the maximum iris aperture diameter Af, an iris over the maximum iris aperture diameter is on (step S262). 

is controlled so that the current aperture diameter A and the If it is determined that the variable control is off, the process 

maximum iris aperture diameter Af are made equal to each returns to Step S260, whereas if it is determined that the 

other (Step S257). Specifically, with respect to this zoom variable control is on, the CPU 232 executes Step S253 and 

speed, the iris is controlled so that its aperture diameter does the following steps identical to those of the first embodiment 

not become larger than the maximum iris aperture diameter described previously. 

Af based on the focal length f. Incidentally, it is theoretically possible to turn on the 
On the other hand, if it is determined in Step S256 that the ^° variable control over the maximum iris aperture diameter 

current aperture diameter A is smaller than the maximum iris during various modes, and the kind of mode is not limited 

aperture diameter Af, it is desirable to obtain an optimum to a particular one. 

exposure by increasing a gain for amplifying the signal of In the above -described manner, the second embodiment 

the CCD 221, when the picture is in an underexposed state. selectively executes two modes according to the state of 
In the above-described manner, in the first embodiment, ^ selection of the mode selecting switch 249, one for execut- 

when the zoom switch 233 is manipulated, a zoom speed ing the variable control which varies the maximum iris 

determined by the amount of depression of the zoom switch aperture diameter according to focal lengths and the other 

233 or the like is detected, and it is determined from the for executing no variable control. Specifically, if the fully 

detection result whether the detected zoom speed is higher op^n aperture is fixed during the aperture-priority AE mode, 

than a speed setting according to which a variation in the variable control is turned off. Accordingly, a photogra- 

marginal light quantity becomes conspicuous. If the detected phcr who desires to make background spot images circular 

zoom speed is higher than such speed setting, the aperture can realize his/her photographic intention by selecting the 

diameter of the iris is limited so that such variation becomes aperture -priority AE mode and setting the fully open aper- 

inconspicuous. Specifically, according to the focal length ture. 

(position information relative to the variator lens group [Third Embodiment] 

201fc), the CPU 232 limits the maximum iris aperture In each of the image pickup apparatuses according to the 

diameter on the basis of table data or the Like which is set in first and second embodiments, it is determined according to 

the table memory 248. various conditions whether to execute a countermeasure for 

Thus, even if high-speed zooming is performed with ari 4^ reducing a variation in marginal light quantity by executing 

aperture value ca\ises a large variation in field illumination the variable control which varies the maximum iris aperture 

ratio, it is possible to avoid the problem that a variation in diameter according to focal lengths, 

the brightness of the edge portion of the picture becomes The third embodiment is intended to, instead of switching 

conspicuous to produce visual unnaturalness. on/off such variable control, set a maximum zoom speed to 

[Second Embodiment] 45 a slow speed if the iris is set to an aperture value which 

In the first embodiment, whether to turn on the variable causes a variation in marginal light quantity to become 
control which varies the maximum iris aperture diameter conspicuous when the zoom speed of the zoom lens is high, 
according to focal lengths is determined according to zoom The electrical constmction of an image pickup apparatus 
speeds, but in the second embodiment, such on/off decision according to the third embodiment is identical to that 
is made on the basis of the state of selection of a mode 50 described previously in connection with the first embodi- 
selecting switch. In particular, the second embodiment is ment. FIG. 8 is a flowchart showing a zoom control pro- 
effective in ensuring the previously-described circular defo- cessing procedure according to the third embodiment, 
cused spot images by turning off the variable control when First, the CPU 232 detects the focal length f (Step S264). 
a fully open aperture is selected during an aperture -priority Then, the CPU 232 detects the current aperture diameter A 
AE mode. 55 (Step S265), and detects the maximum iris aperture diameter 

FIG. 6 is a block diagram showing the electrical construe- Af which causes a variation in marginal light quantity to 

tion of an image pickup apparatus according to the second become conspicuous, from the table memory 248 (Step 

embodiment. In FIG. 6, identical reference numerals are S266). Incidentally, as stated previously, the maximum iris 

used to denote constituent elements identical to those used aperture diameter Af may be obtained by computation 
in the above-described first embodiment, and the description eo instead of being detected from the table stored in the table 

of such constituent elements is omitted for the sake of memory 248. This maximum iris aperture diameter Af may 

simplicity. Unlike the first embodiment, in the second also be uniformly set to an aperture diameter which is 

embodiment, a mode selecting switch 249 is added This stopped down by approximately two steps from the fully 

mode selecting switch 249 is connected to the CPU 232, and open aperture, as required, in terms of a safety margin 
serves to turn off the variable control which varies the 65 irrespective of the focal length. 

maximum iris aperture diameter according to focal lengths, The CPU 232 determines whether the current aperture 

when the aperture -priority AE mode or the like is selected. diameter A is smaller than the maximum iris aperture 
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diameter Af (Step S267). If the current aperture diameter A one of the zoom switches is selected so that a variation in 

is greater than the maximum iris aperture diameter Af, the marginal light quantity can be made inconspicuous, 

zoom speed of the zoom lens is set to a normal speed (Step [Fifth Embodiment] 

lliV- ^2 determines in Step embodiment is intended for an image pickup 

S267 that the current apertnre diameter A .s equal to or 5 ^ ^^^^ ^ ^^^^^ ^^.^^ ^ ^ 

greater than the maxmium ins aperhire diameter Af, the ^hangeably secured. A plurality of interchangeable lenses 

zoom speed of tie zoom lens is set to a countermeasure areprepared,andinpartofthelenses,avariationiDmarginal 

speed ipicp Alter tnat, me process remms to Mep ^-^^ high-speed zooming is conspicuous, 

whereas in the other lenses, such a large variation is not 

The manner of setting of the normal speed and the conspicuous. 

countermeasure speed will be described below. FIG. 9 is a c' u • * u li i * r • • i 

, t ■ .x. * 1 c ,1. 1 ^uch an mterchange able -lens type of image pickup appa- 

table showmg the set values of the normal speed and those , . j * j * * c i . * r fl- 

^ i^ i-L ratus is arranged to detect, for example, the state of setting 

of the countermeasure speed By way of example, in the fu* u- j j* cr ui .i 

. . .- r. jru - or a photograpmng mode and turn on or off variable control 

shown table, the setting of the zoom speed of the image , • v, • u ° • - j- * j- 

. , ' ^ ^ J • r 1 c which varies its maximum ins aperture diameter according 

pickup apparatus ranges over four speeds, i.e., from the 15 . - iu ir i r^u « • i.- l • • 

r J r .1. c . J • J to focal lengths. If a lens of the type in which a variation in 

lowest speed for the first step of depression of the zoom • i v - • j • ■ 

■ L 'U'j .i.t.i.. jr t. J. ^ marginal light quantity IS inconspicuous dunng zooming IS 

switch 233 to the highest speed for the second step of j * *i. - i ^ • - r 

, . ./-i-i^ j-.u . secured to the image pickup apparatus, the image pickup 

depression of the zoom switch 233, according to the amount , , * / u • . i 

. c .X. L -1^1 T- 1 L apparatus does not need to perform such variable control, 

of depression of the zoom switch 233. For example, when ^ 

the zoom switch 233 is depressed to the fourth step, the 20 the fifth embodiment, to avoid such unnecessary 

normal speed is set to a zoom speed of two seconds, but the information such as the state of mode setting, zoom 

countermeasure speed to be set under conditions which speed, and the state of manipulation of a zoom switch, or 

cause a conspicuous variation in marginal light quantity is ^formation relative to the contrasts of a pluraUty of areas 

set to a zoom speed of five seconds. ^"^^ ^^^^^^ ^"^^^ Pi^^^^ ^^^ided as will be described 

, 1 n-1 . J . * later in connection with the sixth embodiment, is comrau- 

Inadentally, it is also possible to adopt an arrangement ^ - ^ ,c_ u , r.u ■ ■ i 

, . . ... . J r - nicated from the camera body of the image pickup apparatus 

which prevents the current speed setting from varying ♦ xl i ,u r t-u i r j r ■ j 

, . ^ . •/ J ■ ■ • J • ox to the lens thereof. The lens performs a predetermined 

dunng zooming if the opposite decision is made in Step . . • r l • r j -c i 

. - ■ Z . . r Ti • J • XL operation on the basis of such information and, if the lens 

S267 due to a vanation in the state of illumination during the . . , , , , l • r • r . 

, , J • J • xu needs vanable control, on the basis of information as to the 

zooming and if the current zoom speed varies dunng the . , u * u u u • j *u u 

. . . ...1., , . , f 1 30 camera body, which has been obtamed through the commu- 

zooming and there is a possibility that the visual unnatural- . ^. ^ 

r • - J • xu • • fxu mcation. 
ness of an image increases dunng the zooming m spite or the 

same amount of depression of the zoom switch 233. FIG. 10 is a block diagram showing the electrical con- 
In the abovcKiescnbed manner, in the third embodiment, ^^1' P^^^P ^PP^^^"^ ^^^^^^"e to the fifth 

it is detected whether the aperture value of the iris is a value embodiment which apparatus has a camera body to which 

... . 35 3i lens IS mterchangeably secured. In RG. 10, identical 

which causes a conspicuous vanation in margmal hght - , j . j . x . . . 

J J- * *t. J * 1* A reference numerals are used to denote constituent elements 

quantity, and according to the detection result, a zoom speed ■ ■> x- i . xu j- j • xt. ^ x ^ 

^rresponding to a particular amount of depression of the '^^f^fj^ ^'fTg T ' " 

zoom switch 233 is varied relative to the same, whereby it ' ^' 

is possible to make a variation in marginal Hght quantity In the construction, a camera-body CPU 270 transmits 

inconspicuous, in spite of the same amount of depression of predetermmed data to the CPU 232 of the lens via known 

the zoom switch 233. electronic mount contacts at predetermined timing. The 

FFourth Embodiment! camera body has the zoom switch 233, and the lens has a 

L, „ . J- f - 1 zxjom switch 233A. 

The fourth embodiment IS intended for an image pickup , . , , , , , 

apparatus having a plurahty of zoom switches, for example. 45 fifth embodiment, smce the camera body has the 

a zoom manipulation ring which is fitted on a lens barrel for ^"^'^^^ 233 and the mode selecting switch 249, mfor- 

rotation about the optical axis thereof, a switch for effecting mation indicative of the state of manipulation or setting of 

zooming according to the direction and speed of rotation of ^^^^^ ^^^^ switches 233 and 249 is communicated from the 

the zoom manipulation ring, and a seesaw switch disposed ^^"^^^^ ^""^y ^° 1^°^' ^32 provided in the 

near a grip portion of the image pickup apparatus. In the 50 lens executes the required control. In this manner, only when 

fourth embodiment, different maximum zoom speeds can be interchangeable lens in which a variation in marginal 

realized by the manipulation of the respective switches, and ^^^^ 'l^^^'^ty is conspicuous is used, it is possible to execute 

a maximum zoom speed assigned to at least either one of the ^^nMc control which vanes the maximum ins aperture 

zoom switches is selected so that a variation in marginal diameter of the lens, 

light quantity can be made inconspicuous. 55 [Sixth Embodiment] 

For example, the previously-described normal speed and The phenomenon of a conspicuous variation in marginal 

countermeasure speed shown in FIG. 9 may be assigned to hght quantity which occurs during high-speed zooming 

the seesaw switch and the zoom manipulation ring, rcspec- becomes a problem, particularly in the case of a subject of 

lively. Accordingly, a user can selectively manipulate both uniform and low contrast. In the description of the first to 

switches to avoid the occurrence of visual unnaturalness due eo fi^b embodiments, reference has been made to various types 

to a variation in marginal light quantity. of arrangements for turning on or off a countermeasure such 

As described above, in accordance with the fourth as variable control over maximum iris aperture diameter or 

embodiment, an image pickup apparatus having zoom reduction in maximum zoom speed, on the basis of a 

switches at two or more locations is ananged to enable decision condition such as the state of mode selection, zoom 

different maximum zoom speeds to be set by the manipu- 65 speed setting or the slate of iris aperture, 

lation of the respective zoom switches, and a maximum The sixth embodiment makes use of the contrast of a 

zoom speed which can be set by the manipulation of at least subject as a decision condition, separately from the above- 
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described decision condition on the basis of which it is 
determined whether to turn on the counter measure. The 
former decision condition, i.e., the contrast of a subject, may 
also be used in combination with other decision conditions. 

FIG. 11 is a view showing a picture photographed by an 5 
image pickup apparatus according to the sixth embodiment. 
The entire picture 271 is divided into nine areas 272 to 280, 
and, for example, the area 276 may be set as an AF area and 
the areas 276 and 279 may be set as a light measuring (AE) 
area. The AF and AE areas may also be set as areas 10 
separately from the nine areas. 

The areas 272 to 280 can be set by being sequentially 
switched over by the AF gate 230. Since the contrast of a 
subject, particularly, a high-frequency component is a signal 
obtainable from the AF signal processing circuit 231, the 
required decision may be made on the basis of an AF signal 
obtainable from each of the nine areas, or a contrast com- 
ponent may be detected from a predetermined spatial fre- 
quency area provided separately from an AF area. 

In the sixth embodiment, a decision as to the above- 
described countermeasure is made on the basis of signals 
relative to the contrasts of the respective nine areas (in 
practice, the number of areas may be greater or smaller than 
nine), and the countermeasure such as variable control over 

25 

maximum iris aperture diameter or reduction in maximum 
zoom speed is executed on the basis of the result of the 
decision. 

There are various methods for such decision. For 
example, one method is to compare the sum of the contrast 
signals of all the nine areas with a predetermined value, and 
another method is to compare the sum of contrast signals of 
the corner areas 272, 274, 278 and 280 with a predetermined 
value. 

Referring to FIG. 11, a person 281 who is a subject 35 
includes the areas 273, 276 and 279, a mountain which is a 
background lies in the areas 275, 278, 277 and 280, and the 
areas 272 and 274 are the sky which has a low contrast. For 
example, if the upper corner areas 272 and 274 have low 
contrasts, it may be necessary to execute an appropriate 40 
countermeasure. 

Otherwise, instead of simply turning on or off one coun- 
termeasure on the basis of one decision condition, a plurality 
of countermeasures may also be combined according to the 
level of low contrast. Otherwise, one countermeasure may 45 
also be switched among a plurality of degrees, for example, 
the variable control over the maximum iris aperture diameter 
may be varied in an analog manner between the solid line 
246 and the dot-dashed line 247 of FIG. 1, instead of being 
turned on or off as shown by these lines 246 and 247 in FIG. 50 
1. 

FIG. 12 is a flowchart showing a zoom control processing 
procedure in which a plurality of countermeasures are 
combined. Steps 264 to 269 are identical to the correspond- 
ing steps shown in FIG. 8. For example, if the aperture 55 
diameter A of the iris is smaller than an aperture diameter 
Afl which is stopped down by approximately two steps 
from the fully open aperture, the zoom speed of the zoom 
lens of the image pickup apparatus is set to the normal speed, 
but if the aperture diameter A is equal to or greater than the 60 
aperture diameter Afl (i.e., closer to the fully open aperture), 
the zoom speed of the zoom lens is set to the countermeasure 
speed in Step S268, in which the maximum zoom speed is 
reduced from a normal speed of two seconds to a counter- 
measure speed of five seconds so that the phenomenon of a 65 
variation in marginal light quantity can be made inconspicu- 
ous (refer to FIG. 9). 



14 

However, if a visually unnatural phenomenon cannot be 
prevented even with such a new zoom speed owing to a 
disadvantageous condition such as a low-contrast subject, 
the variable control which varies the maximum iris aperture 
diameter according to focal lengths is executed in Step S284 
and the following steps. 

First, in Step S284, information B272 relative to the 
contrast of the top left corner area 272 of FIG. 11 is detected 
and read in. Then, in Step S285, information B274 relative to 
the contrast of the top right comer area 274 of FIG. 11 is 
detected and read in. The information 8^72 and the infor- 
mation B274 are added together to obtain their sum B (Step 
S286), and a maximum iris aperture diameter curve is 
selected from a table according to the value of the obtained 
information B (Step S287). 

Incidentally, in the sixth embodiment, if the value of the 
information B is above a predetermined level, the maximum 
iris aperture diameter curve shown by the solid line 246 of 
FIG. 1 is selected so that the variable control is not executed. 
If the value of the information B is below the predetermined 
level, the maximum iris aperture diameter curve shown by 
the dot-dashed line 247 of FIG. 1 is selected. In this case, it 
is also possible to adopt an arrangement capable of selecting 
one or more other maximum iris aperture diameter curves 
according to the value of the information B. 

TTien, a maximum iris aperture diameter A£2 for the focal 
length detected in Step S264 is obtained from the maximum 
iris aperture diameter curve selected in Step S287 (Step 
S288). In this flowchart, the relation between the aperture 
diameter Afl and the maximum iris aperture diameter Af2 is 
Afl<A£2. 

Then, it is determined that the current iris aperture diam- 
eter A is smaller than the maximum iris aperture diameter 
Af2 (Step S289). If the current iris aperture diameter A is 
equal to or greater than the maximum iris aperture diameter 
Af2, the iris is stopped down so that the current aperture 
diameter A and the maximum iris aperture diameter Af2 
become equal to each other (Steps S290 and S291), whereby 
the iris aperture diameter can be prevented from becoming 
larger than that determined by the maximum iris aperture 
diameter curve. 

In this manner, a zoom speed setting is varied according 
to an aperture value, and a maximum iris aperture diameter 
curve to be selected is changed according to the contrast 
component of a subject, from one maximum iris aperture 
diameter curve for variable control which varies the maxi- 
mum iris aperture diameter according to different focal 
lengths to another maximum iris aperture diameter, so that 
a far more elaborate countermeasure can be executed. 
Incidentally, even in the sixth embodiment, it is desirable to 
adopt an arrangement which inhibits a selected maximum 
iris aperture diameter curve from being changed to another 
curve during zooming. 

Accordingly, if a variation in marginal light quantity 
occurs against a background of a comparatively low-contrast 
subject such as the sky, the variable control which varies the 
maximum iris aperture diameter according to focal lengths 
is executed, but if the entire picture is occupied by a 
high-contrast subject, the variable control is not executed. 

[Seventh Embodiment] 

In the description of the third embodiment, reference has 
been made to the case where if an aperture value is under the 
condition that a variation in marginal light quantity is 
conspicuous, the contents of some zoom speed settings 
including a maximum zoom speed are changed as shown in 
FIG. 9. However, if the zoom speed is unconditionally 
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changed to a low speed, another problem will occur; for [Eighth Erobodiment] 

example, rapid setting of an angle of view becomes difficult when the variable control over the maximum iris aperture 

to ensure. diameter which has been described previously in connection 

In view of this point, in the seventh embodiment, the with the first, second, fifth and sixth embodiments, if the 

zoom speed is not uniformly reduced irrespective of the ^ response of the iris unit of an image pickup apparatus is 

position of the variator lens group, and, instead, the zoom slow, there is a possibility that an aperture diameter larger 

speed is reduced in only a particular focal length range in than a predetermined maximum aperture diameter may be 

which a variation in marginal light quantity becomes large, set as the result of a tracking delay due to a time delay, 

such as the range between the focal lengths M2 and M3 In this case, for example, in the flowchart shown in FIG. 

shown in FIG. 2. lO a negative decision is always made in Step S289. In 

FIG. 13 is a graph showing the relation between the addition, without an aflBrmativc decision being made in Step 

moving speed of the variator lens group and focal lengths in S291, the zoom control may be brought to an end. 

the seventh embodiment. In FIG. 13, the horizontal axis The eighth embodiment provides an arrangement which 

represents focal lengths, and the vertical axis represents the detects the direction of zooming and varies a target value to 

moving speed of the variator lens group which is zooming. reduce the aforesaid delay according to the detection result, 

A solid curve 292 represents a zoom speed curve to be used FIG. 14 is a graph showing the relation between maximum 

when the zoom switch 233 is depressed to the fourth step iris aperture diameter and focal length, 

during the normal speed setting shown in FIG. 9 a solid line 293 represents a maximum iris aperture 

The reason why the solid curve 292 shows a reduction in 20 diameter curve having the same target values as the dot- 

the moving speed of the variator lens group on the T dashed line 247 shown in FIG. 1. If the solid line 293 is 

(tclephoto)sideof a point Pis that it is necessary to correctly shifted by a tracking delay A toward a target position 

perform zoom tracking (a correction operation for maintain- represented by a dot-dashed line 294 during zooming from 

ing the image forming position of the focusing lens group at tbe wide-angle (W) end toward the telephoto (T) end, or 

a constant position during the movement of the variator lens 25 toward another target position represented by a dotted Une 

group). Specifically, if the focusing lens group moves at the 295 during zooming from the telephoto end toward the 

maximum speed which can be produced by the drive source wide-angle end, i.e., if the maximum iris aperture diameter 

for the focusing lens group, the zoom tracking is maintained curve is set to take the response delay of the iris into account 

by reducing the moving speed of the variator lens group. according to the direction of zooming, it is in practice 

In a currently popular arrangement in which both a 30 P^^^^^^^ ^° '^^^^ '""^ operation which approximately 

variator lens group and a focusing lens group are driven by ^^^^^ ^^^^et position represented by the solid curve 293. 

stepping motors, this method is generaUy practised so that Incidentally, the amount of the tracking delay Amay also be 

the variator lens group can be driven at its maximum zoom ^^"^^ accordmg to zoommg speed settings, 

speed by the stepping motor without causing an out-of-step manner, in the eighth embodiment, the response 

operation. 35 ^^^^^ variable control over the maximum iris aperture 

rc A' . * L 11 «• . t.- u diameter is taken into account according to focal lengths, 

If a linear actuator which can eenerally effect higher- j .1. . . -^^ r ^. • • • ^ t- 

J , . . . . . f . , J • ^iid the target position of the maximum iris aperture diam- 

speed driving than a stepping motor is used as the drive , j- *rii ^. ■ . ,1 

^ P ,u c . * J J eter curve according to focal lengths is made vanable 

source for the focusing lens group, the speed reduction on j- . r - / l .i. . 

J c.-i. ■ . L J J accordmg to the direction of zooming (whether to execute 

the T side of the point P may not be needed. . c i. ^ r 1 1 T j 1 ^1 

^ 40 zoommg from a shorter focal length toward a longer focal 

A dot-dashed curve 293 represents the operation of setting length or zooming in the opposite direction), whereby opti- 

the moving speed of the variator lens group to a counter- mum variable control can be exerted over the maximum iris 

measure speed for the purpose of making a variation in aperture diameter. 

marginal light quantity inconspicuous, relative to the soUd Incidentally, in practice, the zoom control operations of 

curve 292 for the nonmal speed setting. As shown by the the respective embodiments can be selectively combined. In 

dot-dashed curve 293, the moving speed of the variator lens ^^^^ the embodiments, it is also possible to adopt an 

group IS varied slowly over the range between the focal arrangement in which the zoom control operation is 

lengths Ml and M2 m which a moderate vanation m executed during only recording, but is not executed during 

marginal light quantity occurs, and rapidly in the range ^ recording wait state. 

between the focal lengths M2 and M3 in which a large c c *l . • ^• 

... • A , . . 50 Furthermore, as a matter of course, the present invention 

variation in marginal hght quantity occurs. Accordingly, it is u v a * u- l »l . • 

, , f • 111.. M can be applied to a case in which the present mvention can 

possible to make a variation m marginal light quantity . w au ^ -a- * . i 

f . ^ & "1 be achieved by providing a program to an apparatus. In this 

inconspicuous. case, the apparatus can enjoy the effects of the present 

There is no difference in the moving speed of the variator invention by reading data from a storage medium which 

lens group between the solid curve 292 and the dot-dashed 55 stores a program represented by the software required for 

curve 293 in the range between a focal length W (wide-angle achieving the present invention. The storage medium may be 

end) and the focal length Ml. From this fact, it is possible not only a ROM but also a nonvolatile memory card or the 

to reduce visual unnaturalness due to a variation in marginal like. 

light quantity by reducing the maximum zoom speed (the ^s is apparent from the foregoing description, when 

fourth step) from two seconds to a zoom speed of as slow as go zooming is to be executed by moving a lens in the direction 

approximately three seconds, mstead of from two seconds to of the optical axis thereof, a moving speed of the lens is set 

five seconds as shown m FIG. 9. ^^^^ ^^tting means, and a maximum iris aperture 

Thus, in the seventh embodiment, it is possible to ensure diameter of an iris which is determined for each focal length 

rapid setting of an angle of view by setting the moving speed is varied according to the set moving speed by maximum 

of the variator lens group to a slower speed in a particular 65 aperture diameter varying means. Accordingly, if there is a 

focal length range in which a variation in marginal light possibility that the zoom speed which is set for the zooming 

quantity is conspicuous, than in the other focal length range. causes a conspicuous variation in marginal light quantity 
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due to a variation in focal length during the zoonaiog and 
produces visual unnaturalness, variable control which varies 
the maximum iris aperture diameter according to focal 
lengths is executed, whereby the visual unnaturalness can be 
reduced. 

For example, when a zoom switch is manipulated, a zoom 
speed which is determined by the amount of depression of 
the zoom switch is detected, and if the detected zoom speed 
corresponds to a speed setting which causes a conspicuous 
variation in marginal light quantity, the maximum iris aper- 
ture diameter is limited so that the variation can be made 
inconspicuous. Specifically, the maximum iris aperture 
diameter is limited on the basis of table data or the like 
which is set in a CPU, according to focal lengths (position 
information relative to a variator lens group). 

Thus, if high-speed zooming is executed with an aperture 
value which causes a large variation in field illumination 
ratio, it is possible to avoid the problem that a variation in 
the brightness of the edge portion of a picture becomes 
conspicuous to produce visual unnaturalness. 

In addition, when zooming is to be executed by moving 
a lens in the direction of the optical axis thereof, one mode 
is selected from among a plurality of modes for respectively 
setting different aperture values with respect to a brightness 
of a subject to be photographed, by mode selecting means, 
and a maximum iris aperture diameter of an iris which is 
determined for each focal length is varied according to the 
selected mode by maximum aperture diameter varying 
means. Accordingly, since whether to execute variable con- 
trol over the maximum aperture diameter is determined 
according to the state of selection from the modes provided 
in an image pickup apparatus, it is possible to allow a user 
to select at his/her intention a mode which can eliminate 
visual unnaturahiess due to a variation in marginal Ught 
quantity and a mode which can dcfocus bright spots or the 
like in a background to form circular soft spot images. 

For example, either one of a mode which executes vari- 
able control over the maximum iris aperture diameter 
according to focal lengths and a mode which does not 
execute such variable control is selected. Specifically, if a 
fully open aperture is fixed during an aperture-priority AE 
mode, the variable control is turned off. Accordingly, a 
photographer who desires to make background spot images 
circular can realize his/her photographic intention by select- 
ing the aperture -priority AE mode and setting the fully open 
aperture. 

In addition, in a case where a moving speed of a lens is 
set by a manipulation when zooming is to be executed by 
moving a lens in the direction of the optical axis thereof, an 
aperture value of the lens is detected by aperture value 
detecting means, and the moving speed of the lens which is 
set by the manipulation is varied according to the detected 
aperture value by moving-speed varying means. 
Accordingly, it is possible to prevent a zoom operation 
accompanied by visual unnaturalness, by detecting whether 
the aperture value is under conditions which cause a con- 
spicuous variation in marginal light quantity, and varying the 
contents of zoom speed settings according to the detection 
result. 

For example, it is detected whether the current aperture 
value ts a value which causes a conspicuous variation in 
marginal light quantity, and a corresponding zoom speed is 
varied in spite of the same amount of depression of a zoom 
switch. 

In addition, when zooming is to be executed by moving 
a lens in the direction of the optical axis thereof, moving 
speeds of the lens which are set by a manipulation of a 
plurality of zoom manipulating means to be manipulated by 
an operator are respectively set to different maxim xmi values 
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by maximum speed setting means. The image pickup appa- 
ratus has a total of two or more zoom manipulating means, 
and a maximum zoom speed which is set by at least one of 
the zoom manipulating means serves as a speed setting 

5 which can prevent visual unnaturalness from accompanying 
a variation in marginal light quantity. Accordingly, a user 
can eliminate visual unnaturalness during zooming by selec- 
tively using such zoom manipulating means. 

In addition, in an image pickup apparatus which has a 

20 camera body to which a lens unit can be interchangeably 
secured, the lens unit being arranged to effect zooming by 
moving a lens in the direction of the optical axis thereof, 
information which is set or selected by the camera body is 
communicated to the lens unit by communication means. 
Accordingly, the present invention can also be applied to an 
interchangeable -lens type of image pickup apparatus by 
using an arrangement in which predetermined information 
such as information for determining whether to execute 
variable control over a maximum aperture diameter is com- 
municated from the camera body to the lens unit via an 

20 electronic mount or the like and such information is iden- 
tified by a CPU provided in the lens unit. 

For example, in a case where a zoom switch and a mode 
switch are provided on the camera body, the state of manipu- 
lation setting is communicated from the camera body to the 

25 lens unit, and control is executed by the CPU provided m the 
lens unit. Thus, only in the case of an interchangeable lens 
in which a variation in marginal light quantity during 
zooming is conspicuous, variable control can be exerted 
over the maximum iris aperture diameter. 

30 In addition, when a subject is to be photographed within 
a picture while zooming is being executed by moving a lens 
in the direction of the optical axis thereof, the picture is 
divided into a plurality of areas by picture dividing means, 
and the contrasts of the respective areas are detected by 

35 detecting means and a maximum aperture diameter of an iris 
which is determined for each focal length is varied on the 
basis of the detected contrasts by maximum aperture diam- 
eter varying means. Accordingly, it can be determined 
whether a variation in marginal light qxiantity is 

^ conspicuous, on the basis of contrast information relative to 
an area other than a central portion of the picture, and 
variable control over the maximum iris aperture diameter or 
a zoom speed can be varied according to the decision result. 

For example, in the case of a comparatively low-contrast 
subject such as the sky, the variable control which varies the 
maximum iris aperture diameter according to focal lengths 
is executed, but if the entire picture is occupied by a 
high-contrast subject, the variable control is not executed. 

In addition, in a particular focal length range, the moving 
speed of the lens which is varied according to the aperture 
value has the same value as the moving speed which is not 
varied. Accordingly, for example, in reducing a zoom speed, 
it is possible to reduce the zoom speed in only a focal length 
range in which a variation in marginal light quantity is 
conspicuous, instead of unconditionally reducing the zoom 

^5 speed over the entire zoom range. Accordingly, it is possible 
to set countermeasure speeds to zoom speeds which are not 
much slower than normal speeds. 

For example, by setting the moving speed of a variator 
lens group to a slower speed in a particular focal length 

60 range in which a variation in marginal light quantity is 
conspicuous, than in the other focal length range, it is 
possible to ensure rapid setting of an angle of view while 
making the phenomenon of a variation in marginal light 
quantity inconspicuous. 

65 Since the maximum aperture diameter of the iris for each 
focal length is set while taking the response delay of the iris 
into account according to the direction of zooming, the 
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setting of target values of the maximum aperture diameter of detecting means for detecting contrasts of the plurality of 

the iris according to focal lengths is made variable according areas; and 

to the direction of zooming, whereby it is possible to execute maximum aperture diameter varying means for varying a 
control which can realize an actual ins operation approxi- maximum aperture diameter of an iris which is deter- 
mately comcident with a target value whUe takmg a delay ot 5 mined for each focal length, on the basis of the con- 
response time into account. ^ .j^^jl j^TI- 

i, , . , , ^ , ... trasts detected by said detecting means. 

For example, the response delay of the variable control 7^1,^ ^^^^ according to claim 3, wherein, in 

over the maximum ins aperture diameter is taken mto ^ particular focal length range, the moving speed of the lens 

account acoinlmg to focal lengths, and ttie settmg of target ^^ich is varied according to the aperture value has Ihe same 

portions of the maximum iris aperture diameter according jq ^^i^^ as Ihe moving speed which is not varied, 

to focal lengths IS made variable according to the duection g ^ j,^^ ^^^-^ according to claim 1, 2 or 6, 

of zooming (whether to execute zooming from a shorter therein the maximum aperture diameter of the iris which is 

focal length toward a longer focal length or zoommg m the determined for each focal length is set while taking a 

opposite direcaon), whereby opUmum vanable control can „f ^^e iris into account according to a 

be exerted over the maximum iris aperture diameter. direction of the zooming. 

claim. .... 9. A lens control method for executing zooming by 

1. A lens control device which is arranged to execute ^^^^^ ^ j^^s in the direction of an optical axis thereof, 
zooming by moving a lens in the direction of an optical axis comprising the steps of: 

thereof, comprising: ... . j c 1 j 

' f . . . , r I setting a moving speed of the lens; and 

speed settmg means tor settmg a moving speed ot the . , >• ^ • • . ■ . • 

lens' and => =» ^ varymg a maximum aperture diameter of an iris which is 

. ' . , . determined for each focal length, according to the 

maxmium aperture diameter varymg means for varymg a ^. ^ . 

maximum aperture diameter of an iris which is deter- ^ ^^^^ ^^^([j^j executing zooming by 

mmed for each focal length, accordmg to the moving ^^^^g 3 j^^^ i^rtaion of an optical axis thereof, 

speed set by said speed settmg means. ^ comprising the steps of: 

2. A lens control device which is arranged to execute ^^^^^^^ ^ ^ ^^^^^ 
zooming by movmg a lens in the direction of an optical axis respectively setting different aperture values with 
thereo I, comprising: r i--f.i- i.. t.j 

, , . ^ , . , ^ respect to a bnghtness of a subject to be photographed: 
mode selecting means for selecting one mode from among 

a plurality of modes for respectively setting different ^„ . . . i- . r - ■ i ■ i • 

aperture values with respect to a brightness of a subject '° ''^'^ a maximum aperhire diameter of an iris which is 

to be photographed; and determined for each focal length, according to the 

^, - . mode selected by said selecting step, 

maximum aperture diameter varymg means for varjing a ^ j^^^ ^^^^^^ ^^^^^ ^^^t^ ^y^^^ ^ ^^^^ j 

maximum aperture diameter of an iris which is deter- „f ^ j^^^ ^^ ^e set by a manipulation when executing 

mmed for each focal length, according to the mode 35 zooming by moving the lens in the direcUon of an optical 

selected by said mode selecting means. axis thereof, comprising the step of: 

3. A lens control device which is arranged to allow a detecting an aperture value of the lens; and 
movmg speed of a lens to be set by a mampulation when . . j c ,u 1 ■_• • . 
executing zooming by moving the lens in the direction of an """"^S ^P"^^ °^ "^"^ f 
optical axis thereof, comprising: ^ b'^Sete^^'^te"* '° "^''""^ 

aperture value detecting means for detecting an aperture ^^.^^^ eecingstep 

i c ■» J CI 12. A lens control method tor executing zooming by 

value of the lens; and . , • *u j- r i • .t. r 

, , , movmg a lens in the direction of an optical axis thereof, 

moving speed varying means for varying the moving comprising the step of: 

speed of the lens which is set by the manipulation. ^^^^ ^^.^^ ^ ^ 

according to the aperture value detected by said aper- 45 manipulation of a plurality of zoom manipulating parts 

ture value detecting means. ^^^^ manipulated by an operator, to different maximum 

4. A lens control device which is arranged to execute respectively. 

zooming by moving a lens in the direction of an optical axis i^i a 1 * 1 ^ u- u n * * l 

thereof com risin • control method which allows a subject to be 

ereo , compnsing. photographed within a picture while zooming is being 

a plurality of zoom manipulaUng means to be manipulated 50 executed by moving a lens in the direction of an optical axis 

by an operator; and thereof, comprising the steps of: 

maximum speed setting means for setting moving speeds dividing the picture into a plurality of areas; 

of the lens which are set by a manipulation of said detecting contrasts of the plurality of areas; and 

plurality of zoom mampulating means to different . . , 

. , 5 1 varying a maximum aperture diameter of an iris which is 

maximum values, respectively. 55 a * • ^ s Z c 11 *u .uu - r.i. 

c A ^ ' _Ji- * I'l-i 1 determmed for each focal length, on the basis of the 

5. A lens control device according to claim 1, 2 or 3, ^ . j ^ . j ^ -j j . 

further com risin ' & » » contrasts detected by said detecting step. 

, . t.i . i • • L .1 14, A lens control method according to claim 11, wherein, 

a came^ body to which the lens is mterchangeably ^ ^ particular focal length range, the moving speed of the 

secured, and 2^^^ which is varied according to the aperture value has the 

communication means for communicating information so ^^j^^ ^ ^he moving speed which is not varied, 

which is set or selected by said camera body to the lens. 15. A lens control method according to claim 9, 10 or 13, 

6. A lens control device which is arranged to allow a wherein the maximum aperture diameter of the iris which is 
subject to be photographed within a picture while zooming determined for each focal length is set while taking a 
is being executed by moving a lens in the direction of an response delay of the iris into account according to a 
optical axis thereof, comprising: 65 direction of the zooming. 

picture dividing means for dividing the picture into a 
plurality of areas; 
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